Abstract: The aim of the study was to compare differences between lymphoma and inflammation as indicated by high diffuse uptake of 
INTRODUCTION

P
atients with diffuse high uptake of 18 F-fluorodeoxyglucose ( 18 F-FDG) in the spleen, liver, and bone marrow but without increased 18 F-FDG uptake in the lymph nodes and without enlarged peripheral lymph nodes are frequently observed in lymphoma or inflammation. 1, 2 However, whether these 18 F-FDG uptakes reflect the involvement of inflammatory or lymphoma activation has been difficult to determine. Traditional anatomic imaging techniques computer tomography (CT) and magnetic resonance imaging (MRI) cannot be effectively utilized to correctly diagnose inflammatory or lymphomas activation because they only reveal the organ sizes. Organ sizes cannot be used to assess whether patients have lymphoma because organs may be enlarged without neoplastic involvement or may be of normal size despite tumor infiltration. 3 More recently, a hybrid positron emission tomography-CT (PET-CT) imaging technique has become the standard imaging modality for the initial staging, treatment response assessment, and follow-up in patients with lymphoma and has been shown to be superior to traditional anatomic imaging (CT and MRI). 4 PET with 18 F-FDG has gained wide acceptance as a very useful imaging modality in evaluating a variety of inflammatory and neoplastic diseases. 18 F-FDG PET presents major advantages over traditional anatomic imaging (CT and MRI) because it depicts functional and metabolic abnormalities, which often precede anatomic changes.
The spleen is the largest lymphoid organ and blood filtering unit in the body. 5 The spleen has rich and diverse populations of immune cells and a specific anatomy, enabling the surveillance and phagocytosis of circulating blood elements. The spleen provides an important defensive role against pathogens, including the development of T and B lymphocytes upon antigenic challenge, the clearance of encapsulated bacteria, the release of immunoglobulins upon antigenic challenge by B lymphocytes, and the production of immune mediators involved in the clearance of bacteria. 6 The affinity of glucose transporters for deoxyglucose is apparently increased in inflammation by various growth factors and cytokines. 7 For this reason, increased 18 F-FDG uptake of spleen may reflect spleen increased glucose usage in cases of inflammation. Moreover, diffuse increased 18 F-FDG uptake of spleen could reflect lymphoma infiltration. 8 However, diffuse 18 F-FDG uptake of spleen could also reflect the proliferation and activation of macrophages as observed after the injection of granulocyte colony-stimulating factor (CSF) or granulocyte-macrophage CSF. 9 Unfortunately, the 18 F-FDG tracer is not specific for malignant lymphomas. 10 Tumors and inflammatory and infective processes show increased 18 F-FDG uptake. PET with 18 F-FDG has great potential in the evaluation of a variety of inflammatory disorders and other benign disorders.
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Although PET with 18 F-FDG is widely used for diagnosing, staging, monitoring therapy, and restaging in lymphomas, limited data are available regarding its ability to detect lymphomatous involvements of the spleen, bone marrow, and liver without apparent lymph node enlargement. In this study, we reviewed the clinical significance of the diffuse high uptake of 18 F-FDG in the spleen, bone marrow, and liver in 18 F-FDG PET-CT for different clinical settings without apparent lymph node enlargement and without increased 18 F-FDG uptake in lymph nodes.
MATERIALS AND METHODS
Patients
Our study consisted of 32 patients (18 lymphoma patients and 14 inflammation patients) with diffuse high uptake of 18 F-FDG in the spleen, liver, and bone marrow but without increased 18 F-FDG uptake in lymph nodes. No enlarged peripheral lymph nodes (i.e., diameter < 10 mm) were found in any patient. All patients were subjected to 18 F-FDG PET-CT before the beginning of treatment. We studied 18 lymphoma patients (8 men and 10 women; age range, 25-73 years; mean age, 49.36 years) and 14 inflammation patients (9 men and 5 women; age range, 13-75 years; mean age, 49.19 years). Patients with a history of known spleen and liver findings and pregnancy were excluded.
All patients underwent bone marrow biopsies. However, not every suspected spleen, liver, and bone lesion detected by imaging was histologically evaluated due to ethical and practical reasons. Therefore, the final diagnosis obtained for each patient was based on histology, imaging (i.e., MRI or CT for bone and bone marrow assessments) and follow-ups. The final diagnosis was confirmed by conventional imaging or PET-CT and was modified after treatment (the progression or response of initial lesion regions was confirmed in the follow-up).
The study was approved by the hospital ethics committee and each individual participating in the study gave his or her informed consent.
Detection of 18 F-FDG PET-CT
PET-CT examinations were performed using a Gemini GXL 16 scanner (Philips, Amsterdam, The Netherlands) in 3-dimensional acquisition mode. For PET, this scanner selected an axial field of view (FOV) of 560 mm for whole-body scan. Full-width at half-maximum at center of the FOV, trans-axial spatial resolution was 4 mm full-width. The acquisition time was 2 min/bed position in 3D mode. Low-dose CT acquisition was performed before PET scan from the skull to the upper thigh with 120 kV, the upper limit was 100 mA (automated tube current) and transverse 2 and 5 mm section thickness.
PET was performed 60 min after an intravenous administration of 185 MBq 18 F-FDG approximately. Using the line of response RAMLA algorithm reconstructed the PET images. CT data were used for attenuation correction.
STATISTICS
As semiquantitative references, maximum standardized uptake values (SUVmax) were generated using region of interests (ROIs) in the spleen, liver, and bone marrow. The ROIs were manually drawn inside the spleen, liver, and bone marrow using CT data for anatomical locations.
Comparisons of age and the 18 F-FDG SUVmax ratios of the spleen/liver, spleen/bone marrow, and liver/bone marrow were performed using Student t tests between 2 groups. Genders were compared with the x 2 test. All statistical tests were 2-tailed and a P value < 0.05 was considered significant.
RESULTS
The characteristics of the 32 patients (18 lymphoma patients and 14 inflammation patients) are summarized in Table 1 . In the lymphoma group, there were 8 men and 10 women. In the inflammation group, there were 9 men and 5 women. Using the chi-squared test, the genders of the 2 groups showed no significant differences (x 2 ¼ 1.245, P ¼ 0.265 > 0.05). We studied 18 lymphoma patients (age range, 25-73 years; mean age, 49.36 years) and 14 inflammation patients (age range, 13-75 years; mean age, 49.19 years; Figure 1 ). Using Student t test, the average ages of the 2 groups also showed no significant difference (t ¼ 0.224, P ¼ 0.823 > 0.05).
The 18 F-FDG uptake values in the spleen were greater than those in the liver for 15 of the 18 lymphoma patients (Figure 2) , and the SUVmax ratio between the spleen/liver was 1.69 AE 1.02 (95% confidence interval [CI]: 1.18, 2.19; Figure 3 ). The 18 F-FDG uptake values in the spleen were greater than those in the bone marrow in 13 of the 18 lymphoma patients, and the SUVmax ratio between the spleen/bone marrow was 1.31 AE 0.13 (95% CI: 1.25, 1.38; Figure 4 ). The 18 F-FDG uptake values in the liver were greater than those in the bone marrow in 5 of the 18 patients. The 18 F-FDG uptake value in the liver was equal to that in the bone marrow for only 1 patient, and the SUVmax ratio between the liver/bone marrow was 0.89 AE 0.34 (95% CI: 0.72, 1.06; Figure 5 ). The spleen sizes of all lymphoma patients were >5 rib units, and the average spleen size was 8.83 AE 1.95 rib units (95% CI: 7.86, 9.80; Figure 6 ). The 18 F-FDG uptake values in the spleen were greater than those in the liver for 12 of the 14 inflammation patients (Figure 7) , and the SUVmax ratio between the spleen/liver was 1.44 AE 0.48 (95% CI: 1.16, 1.71; Figure 3 ). The 18 F-FDG uptake values in the spleen were greater than those in the bone marrow in 5 of the 14 patients, and the SUVmax ratio between the spleen/bone marrow was 0.94 AE 0.23 (95% CI: 0.81, 1.07; Figure 4 ). The 18 F-FDG uptake value in the liver was greater than those in the bone marrow for only 1 patient, and the SUVmax ratio of the liver/bone marrow was 0.71 AE 0.25 (95% CI: 0.57, 0.86; Figure 5 ). The spleen sizes of 8 inflammation patients were >5 rib units, and the average spleen size was 6.79 AE 2.01 rib units (95% CI: 5.63, 7.94; Figure 6 ). Using Student t test, the differences of the SUVmax ratios between the spleen/liver and the liver/bone marrow between the lymphoma and inflammation groups were not significant (t ¼ 0.853, P ¼ 0.401 > 0.05; t ¼ 1.622, P ¼ 0.115 > 0.05). Box plots for the SUVmax ratios of the spleen/bone marrow and the spleen sizes of the lymphoma and inflammation groups are shown in Figures 4 and 6 . The SUVmax ratios of the spleen/ bone marrow were significantly different between the 2 groups (t ¼ 2.426, P ¼ 0.021 < 0.05). The spleen sizes were also significantly different between the 2 groups (t ¼ 2.911, P ¼ 0.007 < 0.05).
In the 18 lymphoma patients, 12 patients had T-cell lymphoma and 6 patients had B-cell lymphoma. In all B-cell lymphoma patients, the 18 F-FDG uptakes in the spleen were greater than those in the liver and bone marrow. In only 3 T-cell lymphoma patients, the 18 F-FDG uptakes in the spleen were less than those in the liver. In 5 T-cell lymphoma patients, the 18 F-FDG uptakes in the spleen were greater than those in the bone marrow. The minimum and maximum spleen/liver SUVmax ratios of the B-cell lymphomas were 1.50 and 4.90, respectively, and the ratio of the spleen/liver was 2.61 AE 1.31. For the T-cell lymphoma patients, the minimum and maximum spleen/liver SUVmax ratios were 0.79 and 1.94, respectively, and the SUVmax ratio of the spleen/liver was 1.22 AE 0.34. The spleen/bone marrow SUVmax ratio of the B-cell and T-cell lymphomas were 2.47 and 1.82, respectively, and the SUVmax ratios of the spleen/bone marrow were 1.80 AE 0.57 and 1.07 AE 0.35, respectively.
In the 32 patients, 9 lymphoma patients and 7 inflammation patients had effusions. In the 9 lymphoma patients, 1 patient had only pleural effusion, 4 patients had pleural and peritoneal effusions, 3 patients had pleural, peritoneal, and pericardial effusions (Figure 2 ), and 1 patient had pericardial effusion. For the 7 inflammation patients, 2 patients had pleural effusions, 1 patient had peritoneal effusion, 1 patient had both pleural and peritoneal effusions, and 3 patients had both pleural and pericardial effusions ( Table 2) .
DISCUSSION
There was diffuse increased 18 F-FDG uptake in the liver, spleen, and bone marrow, and no apparent lymph node enlargement was frequently observed in the lymphoma and inflammation patients.
1,2 PET with 18 F-FDG has gained wide acceptance as a very useful imaging method in evaluating a variety of inflammatory and neoplastic diseases. 18 F-FDG is a nonspecific tracer for malignant lymphomas. 10 Both tumors and inflammatory and infective processes show increased 18 F-FDG uptake. Although patients with inflammation and lymphomas can display the diffuse increased uptake of 18 F-FDG in the spleen, bone marrow, and liver without apparent lymph node enlargement, a few differences between each group of patients were evident in our study.
The spleen is the largest blood filter and lymphoid organ in the body. It also provides an important role in defense against pathogens. 5, 6 The increased 18 F-FDG uptake of spleen may reflect increased glucose usage of spleen during inflammation. Moreover, diffuse increased 18 F-FDG uptake of spleen (without focus) could also reflect lymphoma infiltration in spleen. 8 The liver is a unique immunological and anatomical organ through a sinusoidal network and scanned by antigen-presenting cells and lymphocytes. The lymphocyte population of liver is enriched in natural killer T cells and natural killer cells, which play important roles in the first-line immune defense against circulating lymphocyte recruitment, liver injury, and invading pathogens. 12 Overall, a diffuse increased 18 F-FDG uptake of the liver can be observed in both inflammation and lymphoma. In our study, 14 inflammation patients and 18 lymphoma patients had increased 18 F-FDG uptake in the spleen, liver, and bone marrow (Figures 2 and 7) .
In normal individuals, the 18 F-FDG uptake in the spleen is less than those in the liver and does not change significantly with age. 13, 14 A greater spleen 18 F-FDG uptake than liver uptake considered abnormal. 15 In our study, 27 of the 32 patients had greater spleen 18 F-FDG uptake than liver uptake. Only 3 patients in the lymphoma group and 2 patients in the inflammation group had lower 18 F-FDG uptake in the spleen than in the liver. In the 18 lymphoma patients, the SUVmax ratio between the spleen/liver was 1.69 AE 1.02 (95% CI: 1.18, 2.19; Figure 3 ). In the 14 inflammation patients, the SUVmax ratio between the spleen/liver was 1.44 AE 0.48 (95% CI: 1.16, 1.71; Figure 3 ). The SUVmax ratio between the spleen/liver was not significantly different between the 2 groups of patients (t ¼ 0.853, P ¼ 0.401 > 0.05). Therefore, we speculated that the diffuse and increased spleen and liver 18 F-FDG uptake may be present in many inflammatory conditions due to the activation of the immune system in the spleen and liver. However, the increased spleen and liver activities in patients do not necessarily indicate the presence of infections or tumors. 6 Histologic evidence of lymphomas in the bone marrow has been found in approximately 50% to 80% and 25% to 40% of patients with low-grade and high-grade Non-hodgkin lymphoma (NHL), respectively. 16 The reported involvement of the spleen could be up to 44% in the lymphoma cases. 17 Furthermore, for 35.4% of individuals with NHL, the spleen was the only subdiaphragmatic location affected in the early lymphoma clinical stages. The accurate staging of lymphoma is necessary or vital to best determine optimal clinical management and follow-up.
In our study, 13 of the 18 lymphoma patients had spleen uptakes of 18 F-FDG that were greater than those of the bone marrow, and the SUVmax ratio of the spleen/bone marrow was FIGURE 7. An inflammation patient had high diffuse uptake of 18 F-FDG in the spleen, liver, and bone marrow but no increased 18 F-FDG uptake in the lymph nodes and no enlarged peripheral lymph node. 18 F-FDG ¼ 18 F-fluorodeoxyglucose.
1.31 AE 0.13 (95% CI: 1.25, 1.38). However, only 5 of 14 inflammation patients had greater 18 F-FDG uptakes in the spleen than in the bone marrow, with the SUVmax ratio of 0.94 AE 0.23 (95% CI: 0.81, 1.07). We found that the SUVmax ratio of the spleen/bone marrow was significantly different between the lymphoma group and the inflammation group (P ¼ 0.021 < 0.05). For the 5 lymphoma patients with lower 18 F-FDG uptake in the spleen than in the bone marrow, 4 patients had greater 18 F-FDG uptake in the spleen, and only 1 patient showed the opposite result (Figure 4 ).
In the 18 lymphoma patients, 5 patients had SUVmax ratios of liver/bone marrow and spleen/bone marrow >1. The SUVmax ratio of liver/bone marrow was 0.89 AE 0.34 (95% CI: 0.72, 1.06; Figure 5 ). In the 14 inflammation patients, the SUVmax ratio of liver/bone marrow was 0.71 AE 0.25 (95% CI: 0.57, 0.86; Figure 5 ). Although no significant differences were observed between the SUVmax ratios of liver/bone marrow between the lymphoma and inflammation groups (P ¼ 0.115 > 0.05), only 1 patient had an SUVmax ratio of liver/bone marrow >1 and an SUVmax ratio of spleen/bone marrow <1 in the inflammation group. Therefore, if the SUVmax ratios of spleen/bone marrow and liver/bone marrow were both >1, the possibility of lymphoma increased. However, if the SUVmax ratios of spleen/bone marrow and liver/bone marrow were <1, the possibility of lymphoma could not be entirely excluded. Five lymphoma patients had SUVmax ratios of the spleen/bone marrow and liver/bone marrow <1 in our study. The genders and average ages of the 2 groups also showed no significant difference.
Bone marrow biopsy is considered a standard diagnosis for bone marrow diseases but may be limited due to the different patterns of bone marrow involvement or technical issues. In the detection of bone marrow disease, 18 F-FDG PET has been proved to be highly sensitive and has additional value over bone marrow biopsies, which can also be used to direct biopsies to focus the sampling sites of routine iliac bone marrow. [17] [18] [19] [20] The involvement of lymphoma in the spleen frequently occurs as either micronodular or microscopic. 21 From CT or MRI scans, the focal hypodensity lesions of affected spleen are rarely observed but are relatively specific for lymphomatous involvement. Enlarged spleens, a more common finding, often contain no evidence of tumors, so splenomegaly is nonspecific lymphomatous involvement. 22 In contrast, lymphomatous spleens are frequently found with normal in size. 23 Except for the massive enlargement of the organ, the organ size is a poor predictor of tumor involvement. In approximately 60% of all untreated lymphoma cases, benign diseases and mostly lymphocytic hepatic infiltrates have been found with enlarged livers, 24 and 30% of all enlarged spleens have been found with nonmalignant causes. 25 Ahmann et al 26 reported a specificity of 61% and a sensitivity of 38% for the detection of spleen lymphomas on the basis of organ enlargement.
Organ size should not be used to assess whether a spleen indicates lymphoma because the spleen may be enlarged without neoplastic involvement or may be normal in size despite tumor infiltration. 27 In our study, the spleen sizes of all lymphoma patients were more than 5 rib units, at 8.83 AE 1.95 rib units (95% CI: 7.86, 9.80; Figure 6 ). However, in the 14 inflammation patients, the size was 6.79 AE 2.01 rib units (95% CI: 5.63, 7.94); 5 patients had spleen sizes no more than 5 rib units. The maximum spleen size was 13 rib units in the lymphoma group and 10 rib units in the inflammation group. The spleen size between the lymphoma and inflammation groups was significantly different (P ¼ 0.007 < 0.05). For spleen sizes >7.86 rib units and for an SUVmax ratio of spleen/bone marrow more than 1.25, the possibility of lymphoma increases. For spleen sizes <7.94 rib units and for an SUVmax ratio of spleen/bone marrow <1.07, the possibility of inflammation increases.
In our study, 9 lymphoma patients and 7 inflammation patients had effusions. In the 9 lymphoma patients, 1 patient only had pleural effusion; 4 patients had pleural and peritoneal effusions; 3 patients had pleural, peritoneal, and pericardial effusions; and 1 patient only had pericardial effusion. In the 7 inflammation patients, 2 patients had pleural effusion, 1 patient only had peritoneal effusion, 1 patient had pleural and peritoneal effusions, and 3 patients had pleural and pericardial effusions. These observations suggest that a patient with pericardial and pleural effusions but without peritoneal effusion could have inflammation. However, when a patient had pericardial and peritoneal effusions with or without pleural effusion, the possibility of lymphoma was increased. These observations indicate that pericardial effusion and peritoneal effusion are more common in lymphoma cases. Approximately 40% of all patients diagnosed with pneumonia have had an associated pleural effusion. 28 However, the number of patients with these subtypes of lymphomas was small. Further studies are necessary to confirm these results.
In the 18 lymphoma patients, 12 patients had T-cell lymphomas and 6 patients had B-cell lymphomas. This may suggest that the diffuse uptake in the spleen and liver without apparent lymph node enlargement is more prone to take place in T-cell lymphomas. This may be due to hepatosplenic T-cell lymphomas (HSTL). These neoplasm cells are usually involved in the spleen, liver, bone marrow, and peripheral blood. In 35.4% of the patients, the spleen was the only subdiaphragmatic location affected in early clinical stages. 29 HSTL is a rare form of extranodal disease. On examination, the liver and spleen are enlarged, but no enlarged peripheral lymph nodes are observed. 30, 31 Up to 20% of HSTL occur during chronic immune suppression, most commonly during prolonged antigenic stimulation or solid organ transplantation. 32, 33 Splenectomies have been the most common diagnostic procedures. However, this surgical procedure can be avoided if a confident diagnosis has already been attained by means of liver biopsy, bone marrow histology, peripheral blood cytology, or immunocytochemistry.
In our study, for all B-cell lymphoma patients, the 18 F-FDG uptakes in the spleen were greater than those in the liver and in the bone marrow. For only 3 T-cell lymphoma patients, the 18 F-FDG uptakes in the spleen were less than those in the liver. For 5 T-cell lymphoma patients, the 18 F-FDG uptakes in the spleen were greater than those in the bone marrow. The minimum and maximum spleen/liver SUVmax ratios of B-cell lymphomas were 1.50 and 4.90, respectively, and the SUVmax ratio of the spleen/liver was 2.61 AE 1.31. However, the minimum and maximum spleen/liver SUVmax ratios of T-cell lymphoma were 0.79 and 1.94, respectively, and the SUVmax ratio of the spleen/liver was 1.22 AE 0.34. The maximum spleen/ bone marrow SUVmax ratio of the B-cell lymphoma and of Tcell lymphoma patients were 2.47 and 1.82, respectively. The SUVmax ratios of the spleen/bone marrow were 1.80 AE 0.57 and 1.07 AE 0.35. Therefore, spleen/liver and spleen/bone marrow SUVmax ratios >1.94 and >1.82, respectively, the possibility of B-cell lymphoma was increased. If the minimum spleen/ liver SUVmax ratio was <1.50, the possibility of B-cell lymphoma is low. However, the number of patients with these lymphoma subtypes was small. Further studies are required to confirm the results of these liver and spleen biopsies. A limitation of this study is that study population included few patients due to the strict inclusion criteria necessary to achieve our main purpose of establishing an optimal protocol for PET-CT methods. Furthermore, we did not have histopathologic confirmations for all detected lesions. A few findings had to be evaluated on the basis of follow-up imaging and clinical data.
In conclusion, 18 F-FDG PET is 1 of the most accurate tools for assessing treatment responses and prognoses in lymphomas and is more accurate than clinical indices or traditional anatomic imaging. Our study demonstrated that 18 F-FDG PET-CT played a valuable role in differentiating lymphoma and inflammation patients with high diffuse uptake of 18 F-FDG in the spleen, liver, and bone marrow without increased 18 F-FDG uptake in nonenlarged lymph nodes. Additional attention should be directed to extranodal sites to correctly identify primary systemic (extranodal) forms of lymphomas without apparent lymph node enlargement and without metabolically active lymphadenopathy.
